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MOS CIRCDXT FOR LOWERING FORWARD VOLTAGE OF DIOD2S 

FXEI-D OF THE INVENTION 

This invention relate, to circuits having semi-conductor 
5 di odes and more particularly to a system and method of 

lowers the effective forward voltage drop of semi-conductor 

diodes . 

BACKGROUND _____ 
0 semi-conductor diodes are used extensively in half wave 

^ full wave rectifier circuits. It is well known that 
semi-conductor diodes conduct current in a forward direction 
but substantially no current flows when the diode is reverse 
bias. Further, in the forward direction current only flows 
l5 after the applied voltage exceeds a predetermined voltage and 
this voltage is known as the forward voltage drop. The value 
of the forward voltage drop is dependent on the material from 
which the semi-conductor diode x. fabricated. The forward 
voltage drop of a silicon diode, for example, is typically 
20 o 7 volts. It is. of course, known to manufacture diodes by 
other techniques which may result in a lower forward voltage 
drop. For example. Schottky diodes have a low forward 
voltage drop hut the process necessary to fabricate Schottky 
diodes is not always compatible with the process used xn 
25 manufacturing the integrated circuit incorporating the semi- 

conductor diode - 

There are several applications wherein the input voltage 
to the circuit is limited and the forward voltage drop of a 
standard diode may adversely affect the efficiency of the 
30 circuit such as, for example, a rectifier circuit- 
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In the particular application for which a low forward 
voltage drop is advantageous is an RF-tag circuit. RF tag 
circuits are used to communicate various forme of information 
from and to remote locations. These can he active RF tag, 
which automatically transmit information or semi-passrve RF 
ca g S which are activated or interrogated by another de^xce. 

The pr eS ent invention applies in particular to systems 
wherein the RF tag is interrogated and in response returns 
information such as location, temperature, humidity, pressure 
ecc Xn such systems the rectifier in the input cxrcuxt 
rectifies incoming data from an external source and extracts 
from the incoming data the supply voltage (vdd and vssl for 
the integrated circuit in the RF tag unit- 

Obviously, the forward voltage drop can affect adversely 
15 the efficiency of the rectifier circuit. Therefore, there is 
a need for a system and method to effectively lower the 
forward voltage drop of diodes used in low voltage 
environment - 

20 SOMKARy OF THE INVENTION 

The present invention provides a simple circuit that can 
reduce forward voltage drop of diodes and provide thereby 
increased efficiency and output voltage of a rectxf xer 



25 



circuit- 

A current reference controls secondary effects of the 
circuit The circuit of the present invention is of 
particular value in integrated circuit fabrication where 
standard application processes are employed and SchottJcy 
diodes are not. available. 
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The invention is also well suited for low voltage and 
low power applications where the forward voltage of a diode 
limits the dynamic range. 

Therefore, in accordance with a first aspect of the 
present invention there is provided a circuit for lowering 
the effective forward voltage drop of a semi-conductor diode 
comprising: a first metal oxide semi-conductor (MOS) device 
connected in parallel with the a emi- conductor diode, the MOS 
device having a set threshold voltage,- and a second MOS 
device for establishing a bias voltage for the first MOS 
device, the bias voltage being less than the threshold 
voltage by a small value. 

in accordance with a second aspect of the present 
invention there is provided a full wave rectifier circuit 
comprising first and second complementary diodes, each of the 
diodes having an associated circuit for lowering ics 
effective forward voltage drop, the associated circuit 
comprising: a first metal oxide semi-conductor (MOS) device 
connected in parallel with each of the semi-conductor diodes, 
the MOS device having a set threshold voltage; and a second 
MOS device for establishing a bias voltage for the first MOS 
device, the bias voltage being less than the threshold 
voltage by a small value- 

In accordance with a further aspect of the present 
invention there is provided a method of reducing the 
effective voltage drop of a semi-conductor diode comprising: 
connecting a first metal oxide semi-conductor (MOS) device in 
parallel with the diode, the first MOS device having a pre- 
determined threshold voltage,- and generating a biae voltage 
for the first MOS device, the bias voltage being less than 
the threshold voltage,- whereby input voltage applied to the 
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diode is added to the bias voltage to turn on the MOS device, 
thereby bypassing the diode, 

BRIEF DESCRIPTION OP THE DRAWINGS 

5 The invention will now be described in greater detail 

with reference to the attached drawings wherein: 

Figure 1 is a circuit diagram and a prior art rectifier 
circuit ; 

Figure 2 is a circuit diagram of a eingle diode with 
10 bypass circuitry; 

Figure 3 is a circuit diagram of a full wave rectifier 
circuit using the circuitry of the present invention; and 

Figure 4 is a circuit diagram of a RF tag circuit using 
the forward voltage drop lowering circuit of the present 
15 invention. 

DETAILED DESCRIPTION OF THE INVENTION 

Figure i is a circuit diagram of a known full wave 
rectifier. A positive voltage at terminal 12 causes current 

20 to flow through diode Di after the forward voltage drop has 
been exceeded. Similarly, a positive voltage at terminal 14 
cauees current to flow through diode D2 again after the 
forward voltage drop has been exceeded. As indicated 
previously this forward voltage drop is dependent on the 

25 material used to manufacture the semi-conductor diodes Dl, E>2 
but for a silicon based diode the value is 0.7 volts. 

Figure 2 illustrates the basic implementation of the 
present invention. In this implementation MOS device Ml 
having source, drain and gate terminals is connected as 

30 shown. The source and drain connections are on either side 

of diode Dl . It is, of course, known that in MOS devices the 
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flow of source to drain current is controlled by the gate 
voltage. In the implementation of Figure 2 the gate voltage 
is biased close to but less than the inherent threshold 
voltage Vt of MOS device Ml. As is known the threshold 
voltage is the gate to source voltage level at which current 
flows through the source to drain connections. This bias 
voltage is derived from MOS device M2 in series with a 
reference current source is as shown. 

When an increasing input voltage is applied to diode Dl 
the value of this voltage is added to the bias voltage bias 
which very quickly overcomes the threshold voltage and MOS 
device Ml is turned on. The MOS device Ml now provides a low 
resistance path in parallel with diode Dl thereby overcoming 
the forward voltage drop of the diode. 

Figure 3 illustrates a full wave rectifier circuit 
comparable to the circuit of Figure l but now incorporating 
the bypass circuitry of the present invention. In this case 
complementary metal oxide semi-conductor (CMOS) devices are 
used in each arm of the rectifier circuit- In the embodiment 
shown in Figure 3, MOS devices Ml and M2 provide a bypass 
circuit for diode Dl when terminal 12 is provided with a 
position voltage- Similarly MOS devices M3 and M4 provide 
the bypass circuitry for diode D2 where a position voltage 
appears at terminal 14. MOS devices Ml and M2 and M3 and M4 
respectively operate as current mirrors so that when diodes 
Dl or D2 are reverse biased the leakage current of each diode 
is set by the reference current and the current mirror ratio. 
For a low power application, as in an RF-tag application,, 
this current can be practically negligible. In the circuit 
of Figure 3 the reverse leakage current does not load the 
external resource circuit as their current is only the 
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difference ox- mismatch in leakage currents between the two 

complementary circuits. 

in an RF tag application the output voltage using the 

circuitry of the present invention is improved from 1.2 to 
5 1.8 volts. Additionally, there is a much higher loading 

capacity due to the lower losses in the rectifier. 

The diodes Dl and D2 are required in the modified 

circuit for the initial time period before vdd ia high enough 

to turn on the current reference in the integrated circuit. 
10 Figure 4 is a circuit diagram of an IC implementing an 

JRF tag. As shown on the input side of the circuit the full 

wave rectifier incorporates the diode bypass circuitry of the 

pr e s ent invent i on . 

While a particular embodiment of this invention has been 
is disclosed and illustrated it will be apparent to one skilled 

in the art: that changes can be made to the circuit without 

substantially altering the basic concept of the invention. 

Such changes, however, will be encompassed in the full scope 

of the invention as defined by the appended claims 
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Claims : 

1. A circuit for lowering the effective forward voltage 
drop of a semi-conductor diode comprising: 

a first metal oxide semi-conductor (MOS) device 
connected in parallel with said semi-conductor diode, said 
MOS device having a set threshold voltage; and 

a second MOS device for establishing a bias voltage 
for said first MOS device, said bias voltage being less 
than said threshold voltage by a email value. 

2 . The circuit as defined in claim 1 wherein said MOS 
devices each have a source, a drain and a gate connections, 
said source and drain of said first MOS device being 
connected in parallel with said diode, and said gate 
connected to said second MOS device to derive a bias 
voltage . 

3 - The circuit as defined in claim 2 wherein said second 
MOS device is connected to a reference current source. 

4_ A full wave rectifier circuit comprising first and 
second complementary diodes, each of said diodes having an 
associated circuit for lowering its effective forward 
voltage drop, said associated circuit comprising: 

a first metal oxide semi-conductor (MOS) device 
connected in parallel with each of said semi-conductor 
diode, said MOS device having a set threshold voltage; and 

a second MOS device for establishing a bias voltage 
for said first MOS device, said bias voltage being less 
than said threshold voltage by a small value. 
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5. A full wave rectifier circuit as defined in claim 4 
wherein complementary metal o*:ide eerai- conductor (CMOS) 
devices are used in association wirh said complementary 
diodes . 

6. A method of reducing the effective voltage drop of a 
semi-conductor diode comprising: 

connecting a. first metal oxide semi-conductor (MOS) 
device in parallel with said diode, said first MOS device 
having a pre -determined threshold voltage; and 

generating a bias voltage for said first MOS device, 
said bias voltage being less than said threshold voltage; 

whereby input voltage applied to said diode is added 
to said bias voltage to turn on said MOS device, thereby 
bypassing said diode - 

7. The method as defined in claim S wherein said diode is 
in a half wave rectifier 

circuit . 

8. The method as defined in claim 6 wherein a pair of 
diodes are used in a full wave rectifier circuit . 

9. A circuit for lowering the effective forward voltage drop of 
a semiconductor diode, substantially as hereinbefore described 
with reference to Figures 2 to 4 of the accompanying drawings. 

10. A full wave rectifier circuit, substantially as hereinbefore 
described with reference to Figures 2 to 4 of the accompanying 
drawings . 

11 . A method of reducing the effective voltage drop of a 
semiconductor diode, the method being substantially as hereinbefore 
described with reference to Figures 2 to 4 of the accompanying 
drawings . 
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Abstract 

A circuit for lowering the effective voltage drop of a 
semi-conductor diode. The' circuit includes a. first Metal 
Oxide Semi-conductor (MOS) device connected in parallel 
with the diode- A bias voltage which is close to but lower 
than the threshold voltage is applied to the MOS device. 
When a forward voltage is applied to the diode, this 
voltage is added to the source to drain" voltage of the MOS 
device which turns it on. The MOS device then bypasses the 
diode to effectively overcome the inherent forward voltage 
drop of the diode. The circuit is advantageously applied to 
a rectifier circuit to reduce input voltage requirements 
and improve the efficiency of the rectifier. 



